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SYNOPSIS: The paper considers the causes of slips in embankments and cuttings and examines the 
traditional methods of repair and reinstatement. Reinforced soil solutions are examined and 
compared with the more traditional systems. 
Following consideration of the structure and properties of a polymer geogrid for use in reinforced 
soil applications, two case histories are presented. The first involves the repair of a cutting 
slip in overconsolidated clay in S.E. England. Both the design method and construction system are 
examined along with indications of relative costs. The second example is a slip in a highway 
embankment in Sweden where a reinforced soil solution was adopted at a cost of only 25% of the 
standard solution. 
INTRODUCTION 
In many parts of the world slip failures 
are relatively common in embankments and 
cutting slopes. Failures range from 
slippage of topsoil due to erosion, shallow 
translational/rotational slips, through to 
deep seated rotational slips which are 
often c~used by insufficient bearing 
capacity of the embankment foundation. 
The most common type of failure is the 
relatively shallow slip where the failure 
surface is one to three metres from the 
surface. Reinforced soil techniques have 
proved to be extremely efficient and 
cost-effective in the repair of such slips. 
CAUSES OF FAILURE 
In the South East of England many major 
highways cross areas of over-consolidated 
clays. Cuttings constructed through these 
stiff clays and embankments constructed 
from them have a history of failure several 
years after construction. On release of 
overburden pressure near the face of a 
cutting or when taken from a deep borrow 
pit and pl~ced near the face of an 
embankment, the clay swells as the negative 
. pore pressures reduce and water is drawn 
into the soil. This process often 
continu~s until the once stiff clay becomes 
soft and even on relatively flat slopes of 
1:3 a shallow slip is initiated. 
In other parts of the world the cause of 
instability may be a rapid change in 
moisture content due to severe climatic 
conditions. In Northern Europe wet autumn 
weather followed by long periods of 
sub-zero temperatures and heavy snowfall 
creates a major problem when spring arrives 
.and a rapid thaw releases large volumes of 
water into surface layers of s~il. 
1127 
In tropical climates the culprit is the 
monsoon-type storm which can produce 
rainfall intensities of around lOOmm/hour 
and in exce~tional cases daily rainfall in 
excess of 600mm. 
TRADITIONAL REPAIR OPTIONS 
The most obvious repair option is to reduce 
the gradient of the slope either by placing 
additional fill at the toe or by removing 
material from the crest. In many cases, 
however, this solution is not possible due 
to restrictions on the availability or cost 
of additional land or due to the presence 
of existing structures. 
In urban situations the importation or 
removal of large volumes of soil may be 
environmentally unacceptable even if 
economically feasible. 
Other repair techniques include the 
construction of a gabion wall, replacement 
of the failed cohesive material with a free 
draining granular fill, lime treatment of 
the failed clay and a reinforced soil 
r~pair using either strip materials 
together with a facing unit or polymer grid 
reinforcement which interlocks with the 
fill and requires no facing . 
A study has been carried out using these 
five systems to repair a section of 7 metre 
high embankment constructed from Gault clay 
in Cambridgeshire, England and is reported 
by Johnson (1985). 
In the study the first reinforced soil 
system used a polymer strip material looped 
around used car tyres to form the facing •. 
Other tyres used as anchor points were 
placed in trenches within the stable 
portion of the embankment. 
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The second system used polymer geogrid 
reinforcement (designation 'Tensar' SS1} 
which was wrapped up at the face and 
returned below succeeding layers to fully 
encapsulate the fill at the face. 
Table 1 shows the associated costs and time 
taken for the repair of a 20m length of 
embankment for each of the five systems. 





Gabi on wall 
Granular replacement 
Anchored tyre wall 
Lime stabilisation 
Geogrid reinforcement 













Of the five repair systems the gabion wall 
and anchored tyre wall involved the 
construction of a 3 metre high toe wall 
then flattening the slope to 1:3, whilst 
the other techniques retained the original 
1:2 slope. 
The lime stabilisation and geogrid 
reinforcement systems re-used the failed 
material while the other systems involved 
off site disposal of soft clay and 
importation of substitute granular fill. 
Of the five systems investigated the 
reinforced soil repair using polymer 
geogrids was one of the fastest solutions 
and was considerably less expensive than 
all others. 
STRUCTURE AND DURABILITY OF POLYMER GEOGRID 
REINFORCEMENT 
The range of 'Tensar' polymer geogrids are 
produced by punching a carefully spaced 
array of holes in a sheet of polymer and 
then stretching the sheet at carefully 
controlled temperature and strain rate. 
The sheet is stretched in one direction to 
produce uniaxial grids (Fig 1), and for 
some products, stretched in the orthogonal 
direction to produce biaxially oriented 
grids (Fig 2). The stretching process 
takes place at a relatively low temperature 
and causes the long chain molecules of the 
polymer to become oriented in the direction 
of stretch; dramatically increasing the · 
tensile strength and modulus of the grid. 
This unique process produces grids with 
integral junctions which are extremely 
efficient in transferring stresses from the 
soil into the reinforcing grid. Prod~cts 
with welded joints, as opposed to integral junctions, have potential weak points. 
1128 
Tensar grids are eminently suitable for use 
in the repair of slips since they will 
interlock efficiently with soft clay 
materials even close to the face where 
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Figure 2 - Tensar SS2 geogrid - a typical 
biaxial grid. 
The polymers used in the production of the 
grids are high density polyethylene and 
polypropylene, both of which are known to 
be inert to the chemicals normally found in 
soils and to almost all chemicals which 
could conceivably drain into soils as a 
result of a road accident. 
If the repair involves construction of a 
toe wall or embankment at a slope in excess 
of 45° then the higher strength uniaxial 
grids would be used with wrap-around face 
containment. Shelton and Wrigley (1987) 
have shown that these grids will retain 90% 
of their tensile strength after 
approximately 50 years exposure to 
ultra-violet attack. Protection is 
achieved by incorporation of carefully 
calculated quantities of finely divided 
carbon black. 
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In the field however, the normal cover of 
vegetation provides permanent protection by 
shielding the grid from sunlight. 
Obviously the buried sections of grid, 
which carry the major loads, do not suffer 
any deterioration since they are not 
exposed to sunlight. 
CASE HISTORIES 
Many slips have been repaired using polymer 
grid reinforced soil due to the simple 
construction techniques and consistently 
low project costs. Several projects have 
been reported and will not be considered 
further in this paper e.g. Busbridge 
{1984), Oliver (1985), Bonaparte and 
Margason (1984), Bell et al (1984) and Toh 
et al (1986). 
1. ReRair of a Cutting Slip on the A406, 
London, Eng] and 
The A406 forms the North Circular Road 
close to the centre of London. Several 
years after its construction in 1968, 
slip failures began to occur in a 
cutting near Waterworks Corner where the 
A406 runs through Epping Forest (Fig 3). 
The 500 metre long cutting is up to 
8 metres in depth through London clay 
and was constructed with side slopes of 
1:2. Although the cutting was stable for 
the first seven years after 
construction, slips began to occur with 
increasing regularity causing damage to 
fence lines and spillage onto the 
carriageway. 
Figure 3 
Several remedial measures were 
considered, including granular 
replacement and toe retention with crib 
walling or sheet piling combined with 
flatter slopes. These options were 
prohibitively expensive. Lime 
stabilisation was ruled out mainly due 
to doubts on the viability of achieving 
uniform mixing on site and uncertainty 
about long term performance. 
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A reinforced soil solution was selected 
on the basis of cost, ease of 
construction and confidence in the 
design, which involved reinstatement of 
the failed London clay, reinforced with 
horizontal layers of 'Tensar' geogrids. 
Drainage was also provided. 
Investigation showed the slip to be a 
shallow failure and the reinforced soil 
repair was designed using a method 
developed by Murray (1984). The method 
simplifies the analysis by approximating 
the failure surface to a bilineal slip 
plane and good agreement has been found 
between the results of the simplified 
and the more conventional circular or 
non-circular slip surfaces. 
Design charts have been developed to 
select the geogrid reinforcment 
requirements for a range of slope 
conditions. The reinforcement is 
designed to intersect potential failure 
planes. It must possess proven long 
term tensile strength characteristics, 
and sufficient interaction with the soil 
to resist direct shearing of soil over 
the reinforcement and also to provide 
pull out resistance using a relatively 
short anchorage length. 
The design charts are used to determine 







Permissible long term 
tension which may be applied 
to the geogrid reinforcement 
Vertical spacing of the 
reinforcement (assumed to be 
constant) 
Height from lowest to the 
highest point on the 
anticipated slip surface 
(often taken as slope height) 
Pore water pressure ratio 
Density of soil 
Slope angle 
Effective angle of internal 
friction of the remoulded 
soil ( c' assumed = O) 
At Waterworks Corner the soil parameters 
were taken as 
c' 0 
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It was found from the design charts that 
the required factor of safety was 
obtained when using horizontal layers of 
'Tensar' SR2 geogrid reinforcement at 
1.5 metres vertical spacing. 
Since the slope angle was less than 45°, 
no face wrap-around was specified. 
However, due to the large vertical 
spacing of the primary layers of 
reinforcement, short horizontal layers 
of lightweight Tensar SS1 biaxial grid 
were specified as secondary 
reinforcement. These were placed at 0.5 
metres vertical spacing to stabilise the 
slope surface against potential 
sloughing between layers of the primary 
reinforcement. 
The length of each layer of primary 
reinforcement is determined by extending 
the grid a sufficient distance behind 
potential failure surfaces to ensure 
safety against pull-out. Using a full junction strength grid reduces this 
length to a minimum. As is normal in 
such repair systems, a layer of free 
draining granular material is laid at 
the rear of the excavation (Fig 4). 
Figure 4 
Work was begun in September 1985 using a 
standard earthworks team of one Cat 215 
tracked excavator, one Volvo four wheel 
drive dumptruck and one Cat 951 dozer 
with a four-in-one bucket and a towed 
vibrating roller. Manual operations 
were carried out by two labourers. 
Use of the reinforced soil system 
reduced traffic management measures to a 
minimum since there was minimal removal 
of spoil and no importation of granular 
fill which would have involved large 
numbers of trucks reversing on to and 
off the carriageway. 
• 
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Main earthworks began with the 
excavation and removal from site of a 
35m long strip of slipped soil. 
Excavation extended beyond the failure 
plane with benched steps cut into the 
undisturbed clay (Fig 5). The general 
sequence then adopted was to reinstate 
the first strip using fill excavated 
from an adjacent second strip, to 
minimise double handling. The second 
strip was then reinstated using fill 
excavated from a third strip and so on. 
Figure 5 
Fill was tipped from the Volvo, placed 
using the Cat 951(Fig 6), and compacted 
to a maximum layer depth of 200mm using 
the vibrating roller towed by the Cat 
951. The 2.0m widths of 'Tensar' SSl 
secondary reinforcement were obtained by 
cutting the standard 4.0m wide rolls in 
half on site with a disc cutter. 
Figure 6 
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'Tensar' SR2 rolls were cut to the 
required length and laid perpendicular 
to the slope face. Adjacent rolls 
were butt jointed (Fig 7). The slope 
face was over filled and trimmed in the 
conventional manner. 
Along part of the slope where additional 
land was available the gradient was 
reduced to 1:3. 
Figure 7 
Approximate quantities involved in the 
500 metre long repair were: 
Excavation 23,000 m3 
Refilling 12,800 m3 
Gravel drainage layer 5,400 m3 
'Tensar' SR2 primary 
reinforcement 17,000 mz 
'Tensar' SS1 secondary 
reinforcement 8,000 mz 
In spring 1986 approximately 5000 cubic 
metres of topsoil were placed on the 
reconstructed slope for subsequent 
planting. 
In the South East of England the more 
traditional repair involving removal of 
the slipped material and replacement 
with granular fill typically costs around 
£25/m 3 • The reinforced soil technique 
using Tensar geogrids has been shown to 
cost between £7 and £12/m 3 i.e. savings 
of between 50% and 70%. 
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2. Slip in Road Embankment, Sweden 
Near the town of Sundsvall, 400km north 
of Stockholm, a slip occurred in autumn 
1984 on road number 331 involving part 
of the road pavement. 
The road was cut into the side of a 
steep hillside with the outer edge 
constructed on an embankment using 
material from the cut section. The 
downhill face slope was 1:1.7 and the 
soil in the structure was a silty 
moraine with very little ~tone material. 
During the spring thaw movement was 
noted at the edge of the embankment but 
this soon stabilised. In autumn a 
period of heavy rainfall extending over 
several days caused saturation of the 
moraine materials and the creation of 
very high pore water pressures in silt 
layers near the top of the embankment. 
Movement was again detected with first 
the metal fence becoming suspended in 
mid air and then a 50 metre length of 
carriageway edge cracking and moving 
downhill. As the road is in a forested 
area much of the traffic consists of 60 
tonne timber loaded lorries which impose 
high loading on the road pavement. 
The initial repair solution was to 
reduce the downhill slope angle by 
placing additional fill. Unfortunately 
the height of the slope was 15 metres 
and at the base was a thick deposit of 
peat.The proposal was to place blasted 
rock into the peat to form a toe wall 
and then build up a new slope face at a 
gradient of 1:2.5. 
As the estimated cost of this repair was 
found to be extremely high a more 
innovative, lower cost solution was 
sought. 
Using the uniaxial 'Tensar' SR2 grid 
reinforcement it was found that 
stability could be achieved by 
incorporating 3 horizontal layers of 
reinforcement in the top 3 metres of the 
embankment using the original fill 
material and a single drainage layer. 
Each layer of reinforcement extended 6 
metres from the face and in this way the 
shoulder was stiffened and the layers of 
grid intercepted deeper potential slip 
surfaces. At the same time the 
opportunity was taken to steepen the 
face of the slope over the 3 metre high 
repair to 1:1 using a biaxial grid 
wrap-around to contain the face. Thus 
an additional 2 metres of shoulder width 
was obtained. 
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Construction was carried out using 
standard earthworks equipment and 
techniques (Figs 8 & 9) with minimum 
disruption to traffic and at a cost of 





There is now extensive experience relating 
to the use of polymer grids in reinforced 
soil repairs to slip failures. 
Such techniques have been used in many 
parts of the world and in many different 
soil types including clays, silts, moraines 
and laterite soils. 
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The use of a grid reinforcement with full 
strength junctions is extremely important 
as this means that the required pull-out 
resistance can be achieved with the minimum 
of excavation behind the failure plane. 
In addition, the grid structure will 
efficiently transfer stresses from the fine 
grained and often wet fill material. 
Tensar grid reinforced soil repair 
techniques re-use failed soils, minimise 
traffic disruption and delay and, most 
importantly reduce costs. 
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